A two-part study was conducted at a commercial beef slaughter plant to determine the effects of conventional and spray chilling on carcass yields and traits, and also to determine the effects of carcass spacing on carcass yields in a spray-chilling system. In the first part, 15 steer beef carcasses per day were selected on three consecutive days, and alternate right and left sides were subjected to conventional or spray chilling. In part II, 10 carcasses per treatment per day were selected for 3 d and 24 carcasses per treatment on d 4, to test the effects of three carcass-spacing treatments on yield and USDA grade. Spray-chilled sides shrank only .54 kg (.32%), which was 1.90 kg, or 1.14%, less (P<.05) than conventionally chilled beef sides. Spray-chilled sides also had significantly younger skeletal and overall maturity scores than conventionally chilled sides. Vacuum-packaged inside rounds (IMPS 168) from spray-chilled sides had signifieandy more purge (.04 kg or .26%) than those from conventionally chilled sides. Spacing treatments where foreshanks were aligned in opposite directions and where they were aligned in the same direction but with 15 cm between sides both resulted in less shrink (P<.05) during a 24-h spray-chill period than the treatment where foreshanks were aligned in the same direction but with all sides tightly crowded together. (Key Words: Beef, Carcasses, Chilling, Shrinkage.)
I ntroduction
Commercial beef slaughterers recently began using chilled water to spray the surfaces of carcasses intermittently during the initial hours of postmortem chilling (spray chilling). The primary purpose of spray chiUing is to reduce carcass weight loss during the chiUing process. Kasmer (1981) stated that shrouded beef carcasses chilled overnight in conventional systems typically shrink from .75 to 2.0%. Heitter (1975) reported that use of a chlor-chill system resulted in a reduction in carcass shrink of from .5 to 1.25%, depending on plant and carcass type. There is an absence of reports in the literature on the effects of spray chilling beef carcasses. The objectives of this study were to: 1) determine yield differences between carcass sides chilled at identical air temperatures and velocities, where one side also was sprayed intermittently with chilled water; 2) evaluate the effect of spray chilling and conventional chilling Contribution No. 86-432-J, Dept. of Anim. Sci. and Ind., Kansas Agr. Exp. Sta., Manhattan 66506.
a Address reprint requests to this author. Received May 5, 1986 . Accepted September 10, 1986 on USDA quality-and yield-grade factors; 3) monitor purge losses of vacuum-packaged ribs (IMPS 107) and inside rounds (IMPS 168) from conventionally and spray-chilled sides during a 15-d aging period; and 4) determine shrink differences of longissimus muscle (LD) and semimembranosus (SM) steaks from conventionally and spray-chilled sides during a 5-d retaildisplay period. A second experiment was conducted to evaluate the effects of three carcassspacing treatment on 24-h carcass cooler shrink using a spray-chilling system.
Experimental Procedure
A two-part study was conducted at a large commercial beef packing plant. In part I, 15 steer beef carcasses were selected immediately post-slaughter on three consecutive days to compare spray and conventional chilling. All sides were individually weighed, and ahernate right and left sides were placed on separate rails in a chill cooler for 24-h at approximately 0 C. One side of each carcass was sprayed with chilled water (3 C) for 90 s every 15 rain for 32 cycles during the first 8 h of chilling, whereas the other was conventionally chilled.
After chilling, all sides were again individually weighed, ribbed and graded. USDA quality-and 165 J. Anim. Sci. 1987.64:165-170 yield-grade factors (USDA, 1976) were determined on each side independently. The USDA quality-grade factors of lean, skeletal and overall maturity were scored on a 0 to 500 scale (A = 0 to 100, B = 101 to 200, C = 201 to 300, D = 301 to 400, E = 401 to 500). Marbling was scored on a 0 to 900 scale (practically devoid = 0 to 100 to abundant = 801 to 900). Lean color, firmness and texture were scored using a seven-point scale described by AMSA (1977 In part II, three carcass-spacing treatments were used to determine spacing effects on carcass shrink during a 24-h period using the spray-chilling system. The spacing treatments were: 1) alternating foreshanks (AF)--carcasses were positioned on the same rail that the foreshanks of each carcass were aligned in opposite directions with the carcass sides barely touching each other; 2) foreshanks aligned (FA)--carcasses were spaced on the same rail with foreshanks aligned in the same direction, but with 15 cm distance between all carcass sides; 3) crowded (C)-carcasses were spaced on the same rail with foreshanks aligned in the same direction but with carcass sides and those of adjacent carcasses tightly pushed together. In both the AF and FA spacing treatments, there was sufficient space for the chilled water to cover each carcass uniformly. Carcasses for the spacing-treatment study were selected on four consecutive days using 10 steer carcasses per treatment on the first 3 d and 24 per treatment on d 4. Selection was made immediately after hot carcass weight was taken but before they were placed in the chill cooler. All carcasses were chilled 24 h at 0 C, and were sprayed with chilled water (3 C) for 90 s every 15 min for 32 cycles during the initial 8 h of chilling. After a 24-h chill, all carcass were ribbed, graded and weighed.
Results and Discussion
Part I. Hot-side weights of spray-chilled and conventionally chilled sides were essentially identical (table 1) . This was expected because of the method of assigning alternate right and left sides to each type of chilling treatment. However, after 24-h of chilling the spray-chilled sides shrank 1.9 kg less (P<.05) per side than the conventionally chilled sides. Hence, spraychilled sides shrank 1.14% less. This yield advantage for the spray-chilled sides is in agreement with the yield improvements reported by Heirter (1975) . The economic benefit of using spray chilling to control evaporative weight losses is obvious if one is selling weight or fabricating carcasses soon after grading and vacuum-packaging the carcass parts.
No differences (P>.05) were found in final yield grade and yield-grade factors (table 1) . Thus, the carcass yield differences between conventionally and spray-chilled sets were not due to differences in external fatness. The effects of spray chilling on carcasses differing in fat thickness are currently being determined.
Spraying chilled water on hot carcasses during the initial hours of chilling could influence muscle characteristics used in determining USDA quality grade. Mean values for USDA quality-grade traits are shown in table 2. No differences (P>.05) were noted in the lean muscle characteristics of color, firmness, texture and marbling. Skeletal maturity was observed to be significantly young in sides that were spray-chilled than in those conventionally chilled (table 2) . This difference was due to visual differences in skeletal ossification, especially in the thoracic cartilaginous chine buttons, and may have been caused by the dehydration of this cartilage on the convention-ally chilled sides. Overall carcass maturity also was younger (P<.05) for the spray-chilled sides because of their skeletal-maturity scored advantage. The USDA quality grades were not different (P>.05) by treatment, but spray-chilled sides showed a slight numerical advantage, probably because of the skeletal maturity advantage.
The use of spray chilling would be definitely advantageous for improving USDA quality grade when chilling carcasses of animals whose physiological maturity is in the interface of the B to C maturities. The most extreme skeletal maturity difference noted in this study between sides of the same carcass was one in which the spray- chilled side had a skeletal maturity score of A 9~ and the conventionally chilled side skeletal maturity score was C 2~ This difference obviously altered final carcass quality grade. No chill-treatment differences were noted in the weight yields for primal ribs, inside rounds or combined weights of the two primals at the time of initial fabrication of the selected carcasses (table 3) . Primal ribs from conventionally chilled sides had slightly less purge loss after 15 d vacuum storage than those from spraychilled sides (1.37% vs 1.56%, table 3), but these differences were not significant. Inside rounds from conventionally chilled sides had less (P<.05) purge loss expressed as weight or percentage loss (table 3) during the 15-d aging period than those from spray-chilled sides. When the combined yields of the ribs and inside rounds were compared, those from the conventionally chilled sides had less (P<.05) purge loss (weight and percentage) than those from spray-chilled sides. Purge loss differences for the inside rounds, but not for the ribs during aging, may be due to location differences of the two primals on the carcass. The rounds were closer to the source of the water during the spraying process, and the chilled water was sprayed directly on them. Also, the inside round is a sub-primal with a typically slower rate of chill and a higher lean-to-fat ratio than the primal rib. These factors, singly or combined, may account for the greater purge losses for the inside rounds compared with the ribs. Data in table 3 also suggest that a portion of the initial yield advantage noted in the spray-chilled sides is lost as purge during 15 d of vacuum aging.
Individual 1ongissimus muscle and semimembranosus steak weights and their combined weights on the initial day of display and after 5 d of display are shown in table 4. No significant differences in weight or percentage weight losses 9 were noted for steaks from these muscles or their two weights combined. Even though not significant, it is interesting to note that the longissimus muscle steaks from spray-chilled sides tended to lose more weight than those from conventionally chilled sides. This trend in weight loss, however, was reversed in the semimembranosus steaks, with those from conventionally chilled sides losing more weight. This study suggests that steak weight tosses during a 5-d retail display study were not greatly influenced by side-chilling treatment.
Part H. The results of carcass-spacing treatment on carcass yields and USDA quality and yield grades are shown in table 5. No differences (P>.05) were found in weight or percentage shrink between the alternating foreshanks (AF) or foreshanks aligned (FA) treatments. Both of these treatments (AF and FA) had significantly less weight and percentage shrink than did the crowded (C) treatment. The AF and FA spacing treatments had an average shrink of .08 and .05%, respectively, whereas those carcasses that were crowded together had an average shrink of .31%. This would indicate that there is economic asides spaced on rail by alternating foreshanks (AF) of same carcass in opposite directions with sides barely touching.
bsides spaced with foreshank aligned (FA) in same direction, but sides had 15 cm clearance from each other. csides were crowded (C) together such that litrAe to no space was left between sides. dSmall = 300 to 399. eprime = 4, Choice = 3, Good = 2, etc. fPreliminary yield grade.
g'hMeans in the same row that do not have a common superscript letter differ (P<.05).
during the initial 24-h chill offsets one of the major economic incentives for commercial beef slaughterers to consider hot boning of beef. Also, spray chilling apparently alters skeletal maturity scores in those carcasses where ossification of the thoracic cartilaginous chine buttons is advanced beyond A-maturity. When using a spray-chilling system, carcass spacing is critical for achieving uniform, minimal cooler shrink.
